The psychological predictors of pain and disability were examined in a sample of people who sustained whiplash injuries during rear-end motor vehicle accidents. Sixty-five patients referred to a specialty pain clinic with a diagnosis of whiplash injury completed measures of depression, anxiety, catastrophizing, pain and perceived disability. Regression analysis revealed that psychological variables accounted for 18% of the variance in pain ratings. The magnification subscale of the Pain Catastrophizing Scale was the only variable that contributed significant, unique variance to the prediction of pain. Psychological variables accounted for 37% of the variance in perceived disability scores. In the latter analysis, however, none of the independent variables contributed significant, unique variance to the prediction of perceived disability. Psychological variables accounted for significant variance in disability ratings, even when controlling for pain intensity. Discussion focuses on the need to draw clearer distinctions between determinants of pain and disability, and directions for interventions aimed at minimizing disability following whiplash injury are suggested.
W hiplash injuries arise from incidents that expose the head and neck to sudden changes in velocity (1, 2) . Although the precise mechanism by which changes in velocity give rise to whiplash symptoms remains unknown, for a significant proportion of individuals, physical and emotional symptoms of distress may persist for prolonged periods, and contribute to significant disability (3) (4) (5) . The symptoms of pain, headaches, dizziness, nausea, vertigo, cognitive difficulties, anxiety and depression that are associated with whiplash can be sufficiently intense to interfere with social and occupational functioning (6, 7) .
Chronic pain and pain-related disability develop in approximately 15% to 20% of individuals with whiplash injuries (7, 8) . To date, it has not been possible to identify injury-or illness-related variables that reliably predict who will or will not follow a chronic course of pain and disability following injury. Thus, attention has been drawn to the examination of the psychological predictors of chronic pain and disability.
THE PSYCHOLOGY OF WHIPLASH
Over the past decade, there has been considerable research addressing the role of psychological factors in persistent pain disorders such as chronic low back pain (9) , rheumatoid arthritis (10) , fibromyalgia (11) and headache (12) . Although it is beyond the scope of this paper to review the literature in depth, two themes have emerged from investigations conducted to date. First, symptoms of emotional distress such as depression and anxiety may arise as a consequence of the experience of persistent pain and, in turn, contribute to pain and disability (13) (14) (15) . Second, cognitive variables such as self-efficacy, coping, catastrophizing and beliefs about pain have been shown to attenuate or heighten the pain experience of persistent pain sufferers (16) (17) (18) (19) .
Although the psychology of pain and disability has been addressed within the context of whiplash disorders, discussions have frequently been more speculative than empirically based (20) . For example, it has been suggested that psychological variables related to litigation (eg, litigation neurosis), issues related to secondary gain (eg, absolution of responsibility, medical attention) or unconscious drives (eg, repression, conversion) may be the basis for the high level of distress and disability observed following whiplash injury (20) (21) (22) . One of the obstacles to progress in this area is that many of the psychological variables implicated as causative of whiplash pain and disability have been poorly defined, impossible to measure or couched within theoretical frameworks that have minimal value for either conceptualizing or treating whiplash injuries. To advance knowledge in this area, it is necessary to bring a more rigorous empirical perspective to identifying psychological risk factors for the pain and disability associated with whiplash.
The primary aim of the present research was to examine the psychological predictors of pain and disability in a sample of individuals who sustained whiplash injuries in rearend motor vehicle accidents. The choice of predictor variables was guided by recent theory and research on the psychology of pain and disability (19, 23, 24) . For example, depression, anxiety and catastrophizing have been discussed as contributors to pain and disability in chronic pain sufferers (11, 19) .
Although the relation between depression and pain has been studied extensively in the chronic pain literature (15) , little is known about the depressive symptomatology associated with whiplash injury. There are indications that patients with whiplash may experience significant depressive symptoms (6, 25) . However, the relation among depressive symptoms, pain severity and disability in patients with whiplash has received little attention.
Anxiety has also been shown to be associated with the pain experience. Several investigators have suggested that anxiety, fear and avoidance may play significant roles in the distress and disability experienced by patients with chronic pain (26, 27) . Research findings have been consistent in showing that heightened levels of trait anxiety are associated with a more intense pain experience (28) (29) (30) .
Catastrophizing has also been discussed as a contributing factor in pain and pain-related disability (9) . 'Catastrophizing' is a term that has been used to describe an individual's tendency to focus excessively on pain sensations (ie, rumination), to exaggerate the threat value of pain sensations (ie, magnification) and to feel helpless in decreasing the intensity of pain (ie, helplessness) (31) . Level of catastrophizing has been shown to be a predictor of pain and disability in individuals with a variety of persistent pain disorders (9) (10) (11) (12) 19) . Research has shown that the rumination component of catastrophizing is a predictor of disability in patients with chronic pain, even when controlling for pain severity (19) . The role of catastrophizing in predicting pain and disability in individuals with whiplash injuries has not yet been examined.
In the present study, patients referred to a specialty pain clinic with a diagnosis of whiplash injury underwent measures of depression, anxiety, catastrophizing, pain and perceived disability. In light of recent discussions suggesting that the determinants of pain may differ from the determinants of disability, predictors of pain and disability were analyzed separately (19, 26) .
PATIENTS AND METHODS Patients
Sixty-five patients (25 men, 40 women) who were referred to the Atlantic Pain Clinic, Halifax, Nova Scotia, participated in the study. Patients were evaluated for suitability to participate in a multidisciplinary pain treatment program. All patients had a diagnosis of whiplash injury, grade I or II, sustained in rear-end motor vehicle accidents. All patients were currently involved in litigation. The mean age of the patients in this sample was 35.2 years (SD=7.1 years). The mean duration of time since their motor vehicle accident was 13 months (SD=12.0 months).
Procedure and measures
The patients involved in the study were consecutively referred to the Atlantic Pain Clinic, with whiplash injury Predictors of pain and disability in whiplash patients diagnosed according to the criteria of Spitzer et al (7) . Analyses were restricted to patients with mild whiplash injuries -grade I or II (neck complaint, with or without musculoskeletal signs, and no objective evidence of fracture, compression or nerve injury). Patients were excluded if they had a diagnosis of another pain-related condition (other than headache) such as fibromyalgia or temporomandibular joint syndrome, if they had been involved in more than one motor vehicle accident in the past two years or if they had undergone surgery.
Patients were asked to complete self-report measures as part of a standard assessment procedure. Approximately one-half of the patients (n=32) were admitted to the program. There were no significant differences in any of the dependent measures between individuals who were admitted and those who were not admitted. Patients did not participate in the program if it was the clinicians' judgement that treatment would not yield significant improvement (n=6), if they had previously participated in a similar program (n=11), if they were unable to attend due to long distance travel (n=10) or if they were unable to secure funding for treatment (n=8). Catastrophizing: The Pain Catastrophizing Scale (PCS) (31) is a 13-item self-report measure that assesses three different dimensions of pain-related catastrophic thinkingrumination, magnification and helplessness. Patients rate the frequency with which they experience different catastrophic thoughts on a five-point scale with the end points 0 (not at all) and 4 (all the time). In previous studies, the PCS has been shown to have adequate to high internal consistency, with the following coefficient alphas: total 0.87, rumination 0.87, magnification 0.66 and helplessness 0.78 (31) . The PCS has been shown to be stable over a sixto eight-week period, to correlate with interview methods of assessing catastrophic thinking, and to predict pain and pain behaviour in response to aversive stimulation (31,32).
Depression:
The Beck Depression Inventory (BDI) (33) is a 21-item self-report measure of depressive symptomatology. Patients endorse statements that best describe how they have been feeling over the past week. Considerable research supports the reliability and validity of the BDI as a measure of depressive symptomatology in nonclinical and clinical samples (34, 35) . Anxiety: The trait form of the State-Trait Anxiety Inventory (STAI-T) (36) is a 20-item self-report measure of dispositional anxiety. Patients rate the frequency of each symptom of anxiety on a four-point scale with the end points 1 (almost never) and 4 (always). Patients' responses are summed to yield a total trait anxiety score. Pain: The McGill Pain Quesionnaire (37) consists of adjectives describing sensory, affective and evaluative aspects of the pain experience. Patients endorse the adjectives that best describe their current pain. The Pain Rating Index is a weighted sum of all of the adjectives endorsed, and is considered to be one of the more reliable and valid indexes of an individual's pain experience (10, 38) . Disability: The Pain Disability Index (39) is a seven-item self-report measure of perceived disability. Patients rate their perceived level of disability for each of seven life domains on a 11-point scale with the end points 0 (no disability) and 10 (total disability). Ratings are summed to produce an overall index of patients' perceptions of their level of disability. Research has shown the Pain Disability Index to be internally reliable and significantly correlated with objective indexes of disability (40, 41) .
RESULTS

Sample characteristics
The means and standard deviations of all measures are presented in Table 1 . Measures of catastrophizing, depression, anxiety, pain and disability yielded scores that were comparable with those reported in previous studies of persistent 15 ). There were no differences between the sexes on any of the measures. Table 2 shows the intercorrelations among the independent and dependent variables. The magnification and helplessness subscales of the PCS were significantly correlated with pain (r=0.42, P<0.01 and r=0.25, P<0.05, respectively). The BDI and the STAI-T were not significantly correlated with pain. The PCS subscales and the BDI were significantly correlated with perceived disability (r=0.44 to 0.55, P<0.05). Pain was also significantly correlated with perceived disability (r=0.38, P<0.05).
Correlations among measures
Predictors of pain and disability
Separate regression analyses were used to compare the psychological predictors of pain and disability. Table 3 shows the results of a hierarchical regression examining predictors of pain. Age, sex and pain duration were entered in the first step of the analysis but failed to contribute significantly to the prediction of pain (R 2 =0.01, F[change]=0.3, P<0.82). The rumination, magnification and helplessness subscales of the PCS, the BDI and the STAI-T were entered in the second step of the analysis and contributed significantly to the prediction of pain scores (R 2 [change]=0.18, F[change]=2.5, P<0.05). Examination of beta weights for the final regression equation revealed that only the magnification subscale of the PCS contributed a significant unique variance to the prediction of pain. The tendency to magnify the threat of pain sensations was associated with heightened pain. Table 4 shows the results of the hierarchical regression examining predictors of disability. Age, sex and pain duration were entered in the first step of the analysis but did not contribute significant variance (R 2 =0.01, F[change]=0.35, P<0.78). The three subscales of the PCS, the BDI and the STAI-T were entered in the second step of the analysis and contributed significant variance to the prediction of patients' perceived disability (R 2 [change]=0.37, F[change]=6.1, P<0.001). Examination of the beta weights for the final regression equation revealed that none of the predictor variables contributed significant unique variance to the prediction of perceived disability. In a follow-up analysis, pain severity was entered in the second step of a hierarchical analysis, contributing 14% of the variance in disability ratings, beyond the variance accounted for by age, sex and pain duration (F[change]=9.97, P<0.01). Psychological variables contributed an additional 27% of variance to disability ratings, over and above pain severity (F[change]=5.4, P<0.001).
DISCUSSION
The present research showed that, in a sample of patients with whiplash, psychological factors accounted for significant variance in measures of pain and pain-related disability. Together, psychological factors accounted for 18% of the variance in pain ratings and 37% of the variance in perceived disability.
The magnification subscale of the PCS contributed significant unique variance to the prediction of pain scores. In other words, patients who endorsed statements such as "I wonder whether something serious may happen" or "I become afraid that the pain will get worse", were particu- larly likely to report high levels of pain. Magnification was also significantly correlated with perceived disability. These findings suggest that the magnification component of catastrophizing may be a risk factor for a heightened pain experience following whiplash injury. Several investigators have suggested that social psychological factors such as modelling and reinforcement may lead individuals to develop catastrophic orientations to their pain experience (9, 31) . It has been suggested that catastrophizing may develop through experience and may play a causal role in the development of pain and disability following injury (10, 19) .
Predictors of pain and disability in whiplash patients
It is also possible that the treatment and recovery experience of patients with whiplash may foster the development of magnification in some individuals. For example, a prolonged and slow rate of recovery, as well as the experience of a variety of debilitating symptoms (eg, dizziness, nausea and headaches) may lead some patients to consider the possibility of a serious disorder. Negative results from diagnostic studies may alarm patients to the possibility that the severity of their condition may be dismissed or may go undetected. Divergent opinions expressed by different treating professionals can also contribute to alarmist reactions. In addition, communication from legal council emphasizing the prospect of long term suffering and disability may also promote an exaggerated view of the seriousness of pain symptoms.
Regardless of the origins of magnification in patients with whiplash, once present, magnification appears to exert a negative impact on pain perception. Magnification cognitions may affect the pain experience by focusing the patient's attention on pain sensations or by increasing the emotional distress associated with the pain experience. Magnification cognitions may also exert effects indirectly by contributing to avoidance of physical activity, fostering an excessively cautious approach toward rehabilitation interventions and a fear of reinjury. The net result may be an overprotective passivity, which may contribute further to deconditioning, iatrogenic complications and prolonged disability.
The present findings suggest that interventions specifically targeting magnification cognitions may be useful in facilitating rehabilitation progress in patients with whiplash. Cognitive-behavioural strategies such as reappraisal, re-interpreting or attention diversion may be useful in decreasing the tendency to magnify the threat of pain symptoms (23) . In addition to highlighting the consequences of excessively pessimistic interpretations of their pain, patients must be provided with accurate information that will allow them to correct their faulty assumptions about their condition. Patients may benefit from medical information concerning the basis of their pain symptoms and the expected course of recovery. Overly optimistic projections that are at odds with patients' actual experiences or ambiguous information likely serve to maintain the tendency to magnify the threat of pain symptoms. Information that is consistent with patients' experiences and emphasizes the benign nature of their symptoms is likely to be beneficial in reducing magnification.
Research has shown that depressive symptoms occur with a high frequency in individuals suffering from chronic pain (43) (44) (45) . Consistent with previous research, the present study revealed that 66% of patients with whiplash scored within the clinical range on the BDI. Previous research has shown depressive symptoms to be correlated with ratings of pain intensity (9, 10, 42) . In the present study, depression scores were correlated with perceived disability but not ratings of pain intensity. It is possible that the absence of a direct relation between pain and depression may be due to a variety of sample-specific variables. In the first year after injury, individuals are likely to be faced with several stressful life changes that are only indirectly linked to pain severity. For example, the patient with whiplash experiences the stress of multiple medical investigations, prognostic uncertainty, the financial stresses of unemployment, increased interpersonal dependence, and strained social and familial roles. The cumulative effect of these stresses may heighten the probability of experiencing depressive symptoms, regardless of the actual severity of the pain symptoms (46, 47) . Because emotional distress tends to be most apparent in the time period proximal to the stressor, the effects of the many life stresses faced by patients with whiplash may dissipate with time. In patients with more long term pain, a relation between pain and depression may emerge as the effects of other life stresses diminish (42) .
In the present study, depression was significantly correlated with ratings of perceived disability. This finding is consistent with findings of previous studies showing that depression may compromise progress in rehabilitation (45, 48) . The associated features of depression, such as feelings of hopelessness, pessimism about the future and reduced motivation, may contribute to patients' heightened perceptions of disability.
Several clinicians and researchers have highlighted the importance of early intervention in facilitating recovery from pain-related injuries (7, 26, 49) . The present findings extend previous work in suggesting that early interventions that target magnification cognitions and depression may avert the development of high levels of pain and disability. Screening patients on measures of catastrophizing and depression following whiplash injury may help to identify patients who could benefit from intervention.
Psychological variables accounted for twice the variance in disability ratings compared with pain ratings. Thus, while psychological variables are significant determinants of the pain experience, they may be even more important in accounting for disability. Indeed, in the present sample, psychological variables were more important determinants of disability than pain itself. These findings have implications for rehabilitation approaches to the management of whiplash symptoms. Essentially, they suggest that rehabilitation approaches that focus primarily on pain reduction may not yield satisfactory outcomes. Reducing catastrophic thinking and depressive symptomatology may be as important as reducing pain in fostering functional recovery following whiplash injury.
Both anecdotal and empirical studies have pointed to the significant role of litigation in accounting for pain and disability in those who suffer from persistent pain (22) . Albeit significant, litigation is likely to be only one component of a host of factors that may influence the expression of pain and disability following whiplash injury. It is clear that, despite litigation involvement, the majority of individuals who sustain whiplash injuries do not remain disabled (7) . The present sample consisted only of individuals involved in litigation, and psychological factors still accounted for significant variance in pain and disability ratings. Thus, it is important to look beyond litigation issues to understand fully the factors that contribute to pain and disability following whiplash injury.
Caution must be exercised in the interpretation of current findings. First, the sample was drawn from a specialty pain clinic, and referral biases may have influenced the nature of the physical and psychological characteristics observed in patients. Given that patients were experiencing high levels of pain and disability more than eight months after injury, they represent the subsample (and minority) of patients with whiplash who do not have a timely recovery following injury. The cross-sectional design of the research also has inherent limitations, primarily with respect to assigning causal priority to specific variables. Greater certainty in the role of catastrophizing and depression in predicting pain and disability following whiplash must await replication within a prospective design.
